Background-There is a modest risk of myocardial infarction (MI) and myocardial ischemic events in patients with atrial fibrillation. 
V itamin K antagonists have long been the mainstay of stroke prevention therapy in atrial fibrillation (AF); however, vitamin K antagonist therapy is difficult to use because of its narrow therapeutic window, the need for coagulation monitoring, and its interactions with diets and medications. 1 Dabigatran etexilate is a novel, potent, competitive, and reversible direct thrombin inhibitor that recently has been compared with warfarin for prevention of thromboembolic events in 18 113 patients with nonvalvular AF (Randomized Evaluation of Long-Term Anticoagulation Therapy [RE-LY trial]). [2] [3] [4] At a dose of 110 mg twice daily, dabigatran had similar efficacy as warfarin in preventing stroke and systemic embolism but lower rates of major hemorrhage. 3 At a dose of 150 mg twice daily, dabigatran was associated with lower rates of stroke and systemic embolism than warfarin but similar rates of major hemorrhage. 3 However, there were numerically more nonfatal clinical myocardial infarctions (MIs) in dabigatran patients than in warfarin patients. 3, 4 The number of MIs (both clinical and silent) was relatively few (compared with stroke), and thus, the trial had low power to detect differences in this outcome, and the results may be exaggerated or diluted by chance. However, a recent meta-analysis of randomized noninferiority trials concluded that dabigatran was associated with an increased risk of MI or acute coronary syndrome. 5 
Clinical Perspective on p 676
To better understand the effects of dabigatran on myocardial ischemic events relative to warfarin, the present report presents detailed analyses of MIs and other clinical events typically related to myocardial ischemia and the relative effects of dabigatran and warfarin, both overall and in patients at higher risk of myocardial ischemia, such as those with prior coronary disease.
Methods

Patients and Study Conduct
Details of the RE-LY study protocol and its main results have been reported previously. [2] [3] [4] In brief, RE-LY was a randomized trial designed to compare 2 fixed doses of dabigatran (110 or 150 mg BID), each administered in a blinded manner, with open-label use of warfarin in patients with AF who were at increased risk for stroke. Patients with documented AF were eligible if they had at least 1 of the following characteristics: Previous stroke or transient ischemic attack, left ventricular ejection fraction Ͻ0.40, New York Heart Association class 2 or higher heart failure symptoms within 6 months of screening, and an age of at least 75 years or an age of 65 to 74 years plus diabetes mellitus, hypertension, or coronary artery disease (CAD). A total of 18 113 patients were randomly assigned to 1 of the treatment arms and followed up for a median of 2 years. The primary study outcome of the RE-LY trial was stroke or systemic embolism, and the primary safety end point was major hemorrhage.
Definition of MI
Clinical MI was defined as the presence of at least 2 of the following 3 criteria: (1) Typical prolonged severe chest pain or related symptoms or signs (eg, ST changes or T-wave inversion in the ECG) suggestive of MI; (2) elevation of troponin or creatine kinase-MB to more than the upper level of normal, or if creatine kinase-MB was elevated at baseline, reevaluation to more than 50% increase above the previous level; and (3) development of significant Q waves in at least 2 adjacent ECG leads. In patients after percutaneous coronary intervention (within 24 hours) or after coronary bypass surgery (within 72 hours), elevation of troponin or creatine kinase-MB to more than 3 or 5 times the upper limit of normal, respectively, or if creatine kinase-MB was elevated at baseline, reevaluation to more than 3 or 5 times the upper limit of normal, respectively, and a more than 50% increase above the previous level, and/or development of significant Q waves in at least 2 adjacent ECG leads was required.
Silent MI was defined as new asymptomatic ECG changes with significant new Q waves (Ն40 ms in 2 related leads). 2 The first report of RE-LY included only clinical MI, because data on silent MI had not been centrally reported or adjudicated. After database lock and during the review process of the Food and Drug Administration, an analysis of silent MI was performed by assessment of all reports of routine ECGs in which a new significant Q wave was observed. All original ECGs from such patients were reviewed by 2 blinded adjudicators, and 28 cases of silent MI were diagnosed. 4 
Definition of Other Myocardial Ischemic Events
The outcomes of unstable angina and cardiac arrest were collected as adverse or serious adverse events. All deaths were classified as either cardiac, noncardiac vascular, or nonvascular. Cardiac deaths included sudden/arrhythmic, pump failure, and post-MI deaths.
Other Events
Coronary artery bypass graft surgery was collected as a cause of hospitalization. Percutaneous coronary intervention was collected either as a cause of hospitalization or associated with a report of MI.
Net clinical benefit was a protocol-prespecified outcome that included stroke, systemic embolism, pulmonary embolism, MI, death, or major hemorrhage.
Statistical Analysis
We examined the effects of dabigatran 110 mg BID, dabigatran 150 mg BID, and warfarin on the occurrence of clinical and silent MI; the composite of MI and other clinical events typically related to myocardial ischemia, including unstable angina, cardiac arrest, and cardiac death; a composite of MI, unstable angina, coronary artery bypass grafting, percutaneous coronary intervention, cardiac arrest, or cardiac death; the latter composite with the addition of stroke or systemic embolism; and the prespecified net clinical benefit. Cox regression was used to calculate hazard ratios (HRs), confidence intervals (CIs), and probability values. Kaplan-Meier curves were constructed for each of the 3 treatment groups for the outcome of MI. We also determined the risk of other study outcomes and composite outcomes for the subgroup of patients with CAD or previous MI at baseline, who were considered to be at particularly high risk for developing new MI. The net clinical benefit (prospectively defined in the RE-LY trial as the composite of stroke, systemic embolism, pulmonary embolism, all-cause death, MI, and major hemorrhage) was calculated in this subgroup and compared with that of patients without a history of MI or CAD.
All analyses were based on the intention-to-treat principle and were performed with SAS software version 9.1 (SAS Institute Inc, Cary, NC). In addition, an on-treatment analysis was performed as a sensitivity analysis. A 2-sided probability value of less than 0.05 was considered statistically significant.
Results
Impact of Treatments on Myocardial Ischemic Events
In the dabigatran 110-and 150-mg arms, there were 98 and 97 MIs at annual rates of 0.82% per year and 0.81% per year, respectively, compared with the warfarin arm, in which there were 75 MIs (0.64% per year; Table 1 ). The HR was 1.29 (95% CI 0.96 -1.75, Pϭ0.09) for dabigatran 110 mg versus warfarin and 1.27 (95% CI 0.94 -1.71, Pϭ0.12) for dabigatran 150 mg versus warfarin. Figure 1 shows the cumulative Kaplan-Meier incidence curves for new MIs in the 3 treatment arms. When both dabigatran doses together were compared with warfarin, results were similar to those obtained by the 2 separate comparisons (Table 1) .
To capture a broader spectrum of myocardial ischemic events (many of which may be caused by plaque rupture with superimposed coronary thrombosis), a composite outcome was analyzed that included MI, unstable angina, cardiac arrest, and cardiac death. The annual rates of this composite were 3.16% per year with dabigatran 110 mg, 3.33% per year with dabigatran 150 mg, and 3.41% per year in the warfarin group. The HRs versus warfarin were 0.93 (95% CI 0.80 -1.06, Pϭ0.28) for dabigatran 110 mg and 0.98 (95% CI 0.85-1.12, Pϭ0.77) for dabigatran 150 mg. When revascularization events were also included, again no significant differences emerged among the 3 treatment groups (Table 1) .
A broader composite that included these events and both stroke and systemic embolic events occurred at annual rates Net clinical benefit was defined as a composite of stroke, MI, cardiovascular death, pulmonary embolism, SEE, or major bleeding. The comparisons of the 2 dabigatran doses together versus warfarin were not prespecified and are presented for information and hypothesis generation only. performed with results consistent with the intention-totreat analysis (Table 2) . Table 3 shows characteristics of patients with or without coronary events during the RE-LY trial. Patients who had at least 1 myocardial ischemic event were older and had more coronary risk factors, particularly more prior MIs, than the remainder of the study population. Across all treatment groups, these patients received more antiplatelet medications, ␤-blockers, and statins at baseline. They also more often had a CHADS 2 score Ͼ2.
Baseline Characteristics of Patients With New MIs and Myocardial Ischemic Events
Timing of Clinical MI in Relation to Study Drug Intake
Fifty-six of 87 clinical MIs in the dabigatran 110-mg group, 59 of 89 in the dabigatran 150-mg group, and 46 of 66 in the warfarin group occurred on study drug treatment ( Table 4 ). MIs that occurred Ͼ6 days after study drug discontinuation were observed in 17, 20, and 12 patients in the 3 groups. Accordingly, 33%, 34%, and 30% of all clinical MIs were diagnosed when patients were not taking the study drug in the respective treatment arms.
Effects of Dabigatran Versus Warfarin in Patients With and Without Prior CAD
Patients with a baseline history of CAD or previous MI are at risk for recurrent ischemic events. There were 1886 (31%) CAD/MI patients in the dabigatran 110-mg group, 1915 (31%) in the dabigatran 150-mg group, and 1849 (31%) in the warfarin group. Figure 2 shows the effects of dabigatran and warfarin on important outcomes and composite outcomes for the subgroups of patients with previous CAD/MI compared with those without. The effects of dabigatran compared with warfarin were highly consistent between patients with prior CAD/MI compared with those without (all probability values for interaction were nonsignificant).
Discussion
Main Findings
The present detailed analysis of the RE-LY trial demonstrates a trend to an increase in MIs but a lack of significant excess in other myocardial ischemic events in AF patients receiving dabigatran compared with warfarin. Dabigatran exerts consistent effects in patients with and without previous manifestations of CAD. In this large cohort of AF patients treated for stroke prevention, coronary events were less common than cerebrovascular events, even in patients with previous CAD. The predefined net clinical benefit, which included major ischemic and thrombotic events as well as major bleeding, was statistically less common with dabigatran 150 mg BID than with warfarin. Thus, there was an overall net benefit with dabigatran compared with warfarin, even in patients with previous MI or CAD.
Myocardial Ischemic Events in Patients Taking Dabigatran
The publication of the RE-LY trial raised the issue that dabigatran may be associated with an elevated rate of new MI in patients with AF. 3 The original finding was corrected after Net clinical benefit was defined as a composite of stroke, MI, cardiovascular death, pulmonary embolism, SEE, or major bleeding.
a repeated data analysis, requested by the Food and Drug Administration, which showed 4 previously unreported clinical MIs and 28 silent MI events. 4 There were no longer any statistically significant differences in the rate of new MIs among the 3 groups, and all HRs were associated with wide CIs. Of note, one third of all MIs occurred in patients not taking the study drug, as shown in the present analysis. RE-LY was not designed to detect a difference in MI between treatments, and because of the low MI rates observed, the study does not have the power to conclude either that there is a difference in MI between treatments or that there is not. The present analysis provides more information on MI events and on other myocardial ischemic events, including unstable angina, need for coronary revascularization, cardiac arrest, or cardiac death. There was no evidence that dabigatran treatment was associated with an excess in any of these other events. Furthermore, there was no sign of a dose-dependent effect of the dabigatran on coronary events. The prespecified net clinical benefit analysis, which included a combination of thromboembolic and major bleeding events, demonstrated a significant benefit for the dabigatran 150-mg dose.
Effects of Dabigatran in High-Risk Coronary Patients
Patients with a known history of CAD are at high risk for recurrent coronary events and for bleeding. Accordingly, we examined the effects of dabigatran versus warfarin for this important subgroup of patients in the RE-LY trial. There was no significant interaction between the treatment effects and the presence or absence of a history of previous CAD/MI, which indicates that the beneficial effects of dabigatran over warfarin were similarly present in this high-risk group of patients. Analysis of the net clinical benefit confirmed the superiority of dabigatran 150 mg concerning stroke and the net clinical benefit and the benefit of the dabigatran 110-mg dose concerning major bleeding compared with warfarin even in these subgroups.
Previous Studies
Several large randomized trials of new anticoagulant drugs versus warfarin have been completed in recent years. 6 -9 In all of these trials, rates of new MIs were low across all treatment groups. For instance, in the ACTIVE W trial (Atrial fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular Events), only 23 of 3371 patients in the warfarin group and 36 of 3335 patients treated with aspirin plus clopidogrel had a new MI during a median follow-up of 1.28 years. 6 Similarly low MI rates were observed in the SPORTIF (Stroke Prevention using an Oral Thrombin Inhibitor in Atrial Fibrillation) III and V studies. 7, 8 These low MI rates are in agreement with those observed in RE-LY and imply that any differences in new MI events between treatment groups may be subject to a play of chance. All of these studies were underpowered to detect an effect of treatment on risk of MI. A few studies have specifically examined the effects of direct thrombin inhibitors on recurrent MI in patients who had survived a recent acute coronary syndrome. 10, 11 Wallentin et al 10 reported that ximelagatran plus acetylsalicylic acid was more effective than acetylsalicylic acid alone in preventing major cardiovascular events, including new MIs, during a 6-month treatment period. In a similar trial evaluating dabigatran, Oldgren et al 11 reported a small and nonsignificantly higher number of MIs in dabigatran-treated patients than in a placebo group, but cardiovascular deaths occurred less frequently with dabigatran 110 or 150 mg than in the placebo group (all differences not statistically significant). A recent meta-analysis of randomized dabigatran studies similarly reported a higher incidence of MI or acute coronary syndromes in patients taking the thrombin inhibitor. 5 However, the control arms of these studies included placebo, warfarin, or enoxaparin treatments, and thus, a more detailed analysis of the effects of dabigatran on coronary events against the different comparators appears to be necessary. The above data suggest that the available information is too sparse to assess the effects of direct thrombin inhibitors on MI. Furthermore, given that in the AF trials, the comparison of direct thrombin inhibitors is versus warfarin, even if there is a higher rate of MI with direct thrombin inhibitors, this may be because warfarin is very effective and direct thrombin inhibitors may be less so (but more effective than no treatment). Previous controlled trials have shown that warfarin is very effective at reducing recurrent MI in coronary patients. 12, 13 In AF trials with new antithrombotic agents, concomitant use of clopidogrel or platelet inhibitors other than low-dose aspirin and recent coronary events have usually been exclusion criteria, which lowers the MI risk in the exposed population. The current dilemma can therefore only be resolved by large trials of direct thrombin inhibitors versus placebo or aspirin in individuals at high risk of coronary events. Given the higher rates of stroke and systemic embolic events in AF patients and the relatively low rates of MI, the current evidence from RE-LY indicates that in AF patients, the benefits on stroke reduction and bleeding with dabigatran compared with warfarin are likely to outweigh any potential impact on MI.
Study Limitations
The analyses presented in the present report were not prespecified and are post hoc. Thus, some of the outcome events were not prespecified and adjudicated. Although all deaths and MIs were adjudicated, other events, such as unstable angina or need for revascularization, were derived from hospitalization forms or adverse events/serious adverse events reports. It would be preferable if all the events presented in the present report had been prespecified, collected on purpose-designed case report forms, and adjudicated. Nonetheless, the collection of adverse events was performed assiduously and provides reliable information.
Conclusions
A nonsignificantly higher number of MIs were observed with dabigatran than with warfarin in RE-LY, but there was no excess of other myocardial ischemic events. The composite of MI, stroke, other thrombotic events, and major bleeding occurred less frequently with each dose of dabigatran than with warfarin and for the higher dose of dabigatran was nominally statistically significant.
